A specific analytical procedure including sample preparation and HPLC analysis was developed and validated for the detection of phenolic compounds in the samples of different apples from popular Lithuanian cultivars "Aldas, " "Auksis, " "Ligol, " and "Šampion. " The conditions for phenol extraction were optimized: the solvent of the extraction was 70% (v/v) ethanol, and the extraction was performed in an ultrasound bath for 20 min at the temperature of 40 ∘ C. The HPLC mobile phase consisted of 2% (v/v) acetic acid in water and 100% (v/v) acetonitrile. Using the HPLC technique, 11 analytes were identified, and their specificity was confirmed: procyanidin B1, (+)-catechin, chlorogenic acid, procyanidin B2, (−)-epicatechin, rutin, hyperoside, isoquercitrin, avicularin, quercitrin, and phloridzin. Chlorogenic acid was the major component in "Aldas, " "Auksis, " and "Ligol" and procyanidin B2 in "Šampion. " Hyperoside and avicularin were the dominant compounds of all the identified quercetin derivatives in "Aldas" and "Auksis;" hyperoside in "Šampion;" and quercitrin in "Ligol. " The total content of phenolic compounds varied from 1641.0 ± 47.9 g/g (cv. "Ligol") to 4291.3 ± 154.2 g/g (cv. "Aldas").
Introduction
In Lithuania-like in the whole Eastern European regionapples are among the main vegetal food sources rich in phenolic compounds. The Lithuanian Health Program indicates that the nutrition of school-age children should be supplemented with such local vegetal products as apples, carrots, and pears [1] . Using more variable cultivars of fruit in the nutrition of adult and children population is advised. A greater variety of biologically active compounds in fruit is associated with lower mortality [2] .
Numerous studies have confirmed the benefit of phenolic compounds for human health. Studies have shown that different groups of phenolic compounds as well as their individual components have a specific effect on different physiological systems. Phenolic compounds in apples have an antiviral effect against Herpes simplex strains and the flu virus [3, 4] , and they suppress cell proliferation [5] , reduce blood levels of triglycerides and low density lipoproteins [6] , and thus are useful in the prevention of cancer and cardiovascular diseases. Polyphenolic compounds protect the gastrointestinal mucosa and may be used as a preventive measure against adverse effects of anti-inflammatory drugs [7] . Phenolic compounds in apples may be potentially useful in protecting the lungs against damage from cigarette smoke [8] as well as for the prevention of Alzheimer's disease [9] . Based on these results of scientific studies, it is expedient to concretize the available knowledge about the distribution of phenolic compounds in apples from popular Lithuanian cultivars.
A reliable analytical instrument is required in order to obtain detailed results in the analysis of the phytochemical composition of the apples. The techniques of the qualitative 2 Journal of Chemistry and quantitative analyses of the content of phenolic compounds in apples described in literature sources may not always be suitable for implementation in other laboratories. Because of possible differences in the phytochemical composition of the apples, these techniques may be unsuitable for the analysis of local cultivars. Because of this, a detailed scientific analysis requires the redevelopment of sample preparation and mobile phase gradients of the techniques designed in other laboratories. The need for the development of a novel technique was confirmed by our preliminary attempts to adapt the techniques found in scientific literature sources; these attempts did not yield the desired results. For this reason, the aim was set to develop, optimize, and validate the suitable HPLC technique for the detection of phenolic compounds in the lyophilized apple samples of the cultivars "Aldas, " "Auksis, " "Ligol, " and "Šampion" grown in Lithuania.
Materials and Methods

Apples.
The following apple cultivars were included in the study: "Aldas, " "Auksis, " "Ligol, " and "Šampion;" the apples were harvested in 2011. The apples were supplied by the Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Babtai, Lithuania (55 ∘ 60 N, 23 ∘ 48 E). The altitude of Babtai town is 57 m above sea level. The year 2011 was warmer than usual higher; the mean monthly temperatures were higher than the long-term average. The summer of 2011 was distinguished by more rainfall in July and especially in August when double the normal monthly rainfall was recorded. Trees were trained as slender spindle. Pest and disease management was carried out according to the rules of the integrated plant protection. The experimental orchard was not irrigated. Tree fertilization was performed according to soil and leaf analysis. Nitrogen was applied before flowering at the rate of 80 kg/ha, and potassium was applied after harvest at the rate of 90 kg/ha. Soil conditions of the experimental orchard were the following: clay loam, pH: 7.3, humus: 2.8%, P 2 O 5 : 255 mg/kg, and K 2 O: 230 mg/kg. The apple cultivars "Auksis" (early winter cv., bred in Lithuania), "Šampion" (winter cv., bred in Czech Republic), and "Ligol" (winter cv., bred in Poland) are the main cultivars in Lithuanian commercial orchards. The cv. "Aldas" (early winter cv., bred in Lithuania) is recommended for ecological orchards. Apples were harvested at the optimal harvest time individually established for every cultivar: "Aldas:" 128 DAFB, "Auksis:" 114 DAFB, "Ligol:" 168 DAFB, and "Šampion:" 132 DAFB. The sample size comprised 20 ripe apples of each cultivar.
Each apple was cut into the slices of equal size (up to 1 cm in thickness), and the stalks and the seeds were removed. The apple slices were immediately frozen in a freezer (at -35 ∘ C) with air circulation and then lyophilized with a ZIRBUS sublimator 3 × 4 × 5/20 (ZIRBUS technology, Bad Grund, Germany) at the pressure of 0.01 mbar (condenser temperature, −85 ∘ C). The lyophilized apple slices were ground to fine powder by using a Retsch 200 mill (Haan, Germany).
Loss on drying before analysis was determined by drying the apple lyophilizate in a laboratory drying oven to complete evaporation of water and volatile compounds (temperature: 105 ∘ C; the difference in weight between measurements: up to 0.01 g) and by calculating the difference in raw material weight before and after drying [10] . The data were recalculated for absolute dry lyophilizate weight.
Chemicals.
All the solvents, reagents, and standards used were of analytical grade. Aluminum trichloride hexahydrate, hexamethylentetramine, acetonitrile, acetone, methanol, and acetic and trifluoroacetic acids were obtained from SigmaAldrich GmbH (Buchs, Switzerland), and ethanol from Stumbras AB (Kaunas, Lithuania). Hyperoside, rutin, quercitrin, phloridzin, procyanidinB1 and procyanidin B2, and chlorogenic acid standards were purchased from Extrasynthese (Genay, France), (+)-catechin and (−)-epicatechin from Fluka (Buchs, Switzerland), and avicularin and isoquercitrin from Chromadex (Santa Ana, USA). In the study, we used deionized water produced by the Crystal E HPLC (Adrona SIA, Riga, Latvia) water purification system.
2.3.
Extraction. An amount of 2.5 g of lyophilized apple powder (exact weight) was weighed, added to 30 mL of ethanol (70%, v/v), and extracted in a Sonorex Digital 10 P ultrasonic bath (Bandelin Electronic GmbH & Co. KG, Berlin, Germany) for 20 minutes at 40 ∘ C. The conditions of extraction (the type of the extraction, its duration, temperature, and the solvent and its concentration) were chosen considering the results of the optimization of the extraction. The extract obtained was filtered through a paper filter; the apple lyophilizate on the filter was washed twice with 10 mL of ethanol (70%, v/v) in a 50 mL flask. The extract was filtered through a membrane filter with a pore size of 0.22 m (Carl Roth GmbH, Karlsruhe, Germany).
Determination of the Total Flavonoid Content.
The total flavonoid content in the extracts of lyophilized apple samples was determined by applying the technique described by Urbonavičiute et al. [11] , was calculated using the rutin calibration curve, and was expressed as its equivalent (mg RE/g) for absolute dry lyophilizate weight.
Instrumentation and Chromatographic Conditions.
A Waters 2695 chromatograph equipped with a Waters 2998 PDA detector (Waters, Milford, USA) was used for HPLC analysis. Chromatographic separation was managed, chromatograms were recorded, and data were processed with the Empower v. The total duration of the analysis, including washing and reconditioning of the column, was 70 minutes. The identification of the chromatographic peaks was achieved by comparing the retention times and spectral characteristics ( = 200-600 nm) of the eluting peaks with those of the reference compounds. The compounds identified were confirmed by spiking the sample with the standard compound and monitoring the changes in the peak shape and spectral characteristics. For quantitative analysis, a calibration curve was obtained by the injection of known concentrations of different standard compounds. The concentrations of phenolic compounds identified in the apple extracts were within the limits of the calibration curves. Dihydrochalcones and flavan-3-ols were quantified at 280 nm, phenolic acids at 320 nm, and flavonols at 360 nm.
Statistical Data Analysis.
All the experiments were carried out in triplicate. Means and standard deviations were calculated with SPSS 20.0 software (Chicago, USA). A single factor analysis of variance (ANOVA) along with the posthoc Tukey's test was employed for statistical analysis. The Kolmogorov-Smirnov test was applied to examine the normality of the distribution. To verify the hypothesis about the equality of variances, Levene's test was employed. Differences were considered to be significant at < 0.05.
Results and Discussion
Optimization of the Extraction Method.
The selection of the solvent and the conditions of extraction is an important analytical step in the development of the technique for the qualitative and quantitative analysis of the biologically active compounds in raw plant material. The solvent of the extraction is the main factor in the prognosis of the qualitative and quantitative composition of the isolated phenolic compounds. The extractants most commonly used for the extraction of flavonoid glycosides, their more polar aglycones, and polar phenolic acids are methanol, ethanol, acetone, and their various aqueous mixtures of various concentrations [12, 13] .
To evaluate the effect of the extractant on the extraction of flavonoids, the lyophilized apple samples were macerated for 4 hours in the dark, and the total content of flavonoids was determined by using spectrophotometry [11] . The extractants selected for the study were methanol, ethanol, and acetone, used at various concentrations. The study showed that 70% (v/v) ethanol ensured the highest flavonoid output (2.7 ± 0.1 mg RE/g) ( Figure 1 ). This extractant was selected for further analysis.
Two techniques ensuring selective extraction of the phenolic compounds from solid-phase samples were chosen for comparative studies of the effectiveness of the extraction techniques: maceration and ultrasound extraction (sonification). During the maceration of the samples at room temperature in dark environment at different time intervals (0.5-24 hours), the highest total flavonoid content (3.2±0.1 mg RE/g) was registered after 24-hour extraction ( Figure 2 ). To evaluate the effectiveness of sonification, apple samples were extracted in an ultrasound bath for 5-90 min at different temperatures (20-40 ∘ C). The greatest extraction output (4.1 ± 0.2 mg RE/g) was observed after extraction of the apple samples for 20 min at the temperature of 40 ∘ C (Figure 3 ). The analysis showed that the greatest amount of flavonoids (4.1 ± 0.2 mg RE/g) from lyophilized apple samples was extracted with 70% (v/v) ethanol in an ultrasound bath after 20 minutes of extraction at the temperature of 40 ∘ C. These conditions were selected for further analysis, the extraction from lyophilized samples of different apple cultivars. 
Development and Optimization of Chromatographic Separation.
A broad variety of analytical methods have been employed for the detection of phenolics in raw plant materials and their products. Thin-layer and high-performance thinlayer chromatography, mass, infrared, and ultraviolet spectroscopy, and other analytical methods have been applied for the qualitative analysis of phenolics [14, 15] . For the quantitative evaluation of phenolic compounds in plant matrices, HPLC and UV-visible absorption spectrophotometry are the most widely used methods; capillary zone electrophoresis is applied less frequently [16] . Experiments during the development stage showed that a better chromatographic separation was achieved by using the YMC-Pack ODS-A column (5 m, C 18 , 250 × 4.6 mm i.d.) and selecting acetonitrile rather than methanol as an organic component. For acidification (solvent A), two organic acids were selected: 2% acetic acid and 0.1% trifluoroacetic acid. A better separation of the analytes was achieved by using 2% acetic acid rather than 0.1% trifluoroacetic acid; therefore, 2% acetic acid was used for further experiments. The application of acetic acid to acidify the mobile phase has been reported in other studies that investigated phenolic compounds in apples [3, 17, 18] .
The method of gradient elution for the separation of phenolic compounds (quercetin derivatives, flavan-3-ols, phenolic acids, and dihydrochalcones) in ethanol extracts of lyophilized apple samples was optimized. This method allows for an effective separation of phenolic compounds present in lyophilized apple extracts. The elution order of quercetin-3-O-glycosides-also reported in other studies [17, 19, 20] 
Validation of the Method.
The validation of the method was performed on the basis of the ICH recommendations [21] . The following characteristics of validation were evaluated: the selectivity of the method (specificity), the repeatability of the results (precision), the quantitation limit of the analytes, and linearity.
The evaluation of the selectivity of the method for peak identification and purity was based on the comparison of the retention times and UV spectra of the analytes with those of the standard compounds. The compounds identified were confirmed by adding the standard compound into the analyzed extract and monitoring the changes in the peak shape and spectral characteristics.
The quantitation limit of the analytes was assessed by comparing the peak height to the baseline noise. The ratio of the peak height to baseline noise (signal-to-noise ratio) used for the estimation of the quantitation limit was 10 : 1. The determined quantitation limit varied from 1.54 g/mL to 2.93 g/mL. The obtained results confirm that this method can be used for the quantitative analysis of phenolic compounds. The estimated determination coefficients ( 2 )of calibration curves were greater than 0.999, and this proves the linearity of the quantitative determination method ( Table 1) .
The precision of the HPLC method was assessed on the basis of two parameters: repeatability and intermediate precision. The repeatability of the results was evaluated on the basis of the results of consecutive analyses performed within the same day (6 consecutive analyses of a mixture of standards at 3 different concentrations performed within the same day). The percent relative standard deviation (%RSD) of the repeatability of the method, determined according to the peak area, varied from 1.22% (chlorogenic acid) to 1.52% ((−)-epicatechin). The intermediate precision of the results was assessed based on the results of analyses performed within 3 different days (6 consecutive analyses of a mixture of standards at the mean concentration performed within the same day; 18 analyses in total), and its %RSD for the peak area varied from 1.45% (chlorogenic acid) to 2.76% (phloridzin). Extraction after the extraction of the lyophilized apple sample was performed. A set of 6 ethanol extracts was produced from the same lyophilized apple sample and was analyzed by applying the developed and optimized HPLC method. The estimated %RSD for the peak area did not exceed 3.92%. The obtained results describing the precision of developed HPLC method are summarized in Table 2 .
Identification of Phenolic Compounds in Lyophilized Apple
Samples. Apples are among the most popular fruits consumed worldwide [22] . They is a source of various biologically active substances, especially vitamins and phenolic compounds [23] . Apples contain phenolic compounds of different classes: flavonols (quercetin and isorhamnetin glycosides), dihydrochalcones (phloretin glycosides), flavan-3-ols (catechins [monomeric flavan-3-ols] and procyanidins [polymeric flavan-3-ols]), anthocyanins (cyanidin glycosides, especially cyanidin galactoside), and phenolic acids (mostly, chlorogenic acid) [24] [25] [26] .
Considering the dietary habits of apple consumption, it is relevant to analyze apples without separating their peel from the flesh. As the chemical composition of the apples of different cultivars can vary considerably [26, 27] , it is very important to compare and assess the chemical composition of the unpeeled apples of different cultivars and to evaluate their quality, as apples are used in diet, prevention of various diseases, preparation of safe and healthy foods, and development and production of dietary supplements. The above-mentioned circumstances allow for the development of analytical methods and the analysis of apples. In this study, the developed, optimized, and validated HPLC method was applied to investigate ethanol extracts of lyophilized apple samples. The content of phenolic compounds in the apples of cultivars "Aldas, " "Auksis, " "Ligol, " and "Šampion" was qualitatively and quantitatively analyzed and determined. An example of the chromatogram of the ethanol extract of the apple fruit sample is shown in Figure 5 , and Table 3 summarizes the characteristics of the quantitative content.
The following compounds of different phenolic groups were identified in the investigated ethanol extracts: procyanidin B1, (+)-catechin, chlorogenic acid, procyanidin B2, (−)-epicatechin, rutin, hyperoside, isoquercitrin, avicularin, quercitrin, and phloridzin. Neochlorogenic acid, gallic acid, 5-hydroxymethyl furfural, sinapic acid, isorhamnetin-3-Oglucoside, rosmarinic acid, transcinnamic acid, eupatorin-5-methyl ether, sinensetin, and protocatechuic acid in apples or their products were detected by other authors [17, [28] [29] [30] , but they were not found in the analyzed extracts.
Chlorogenic acid was the major component in the apples of the cultivars "Aldas, " "Auksis, " and "Ligol. " This acid has properties important for human health: antioxidant activity [31] , anti-inflammatory activity [32] , the reduction of the risk of type 2 diabetes [33] , the improvement of cardiovascular function [34] , and the inhibition of the processes of carcinogenesis [35, 36] . The apples of the cv. "Aldas" contained the highest concentration of chlorogenic acid, and it was by 6.5-fold greater than that in the apples of the cv. "Šampion" (Table 3). The results confirm the findings of other studies indicating that chlorogenic acid in apples is one of the most common phenolic compounds [26, 27] .
In the studied extracts of apple samples, we detected and quantitatively evaluated monomeric flavan-3-ols: (+)-catechin and (−)-epicatechin (Table 3) , which together with Journal of Chemistry 7 procyanidins may be responsible for the cholesterol lowering [37] and vasodilating [38] effect of the apples; they also inhibit sulfotransferases, thus can regulate the biological activity of hydroxysteroids, and can act as natural chemopreventive agents [39] .
The amount of the identified monomeric flavan-3-ols varied from 286.6±11.4 g/g (cv. "Ligol") to 813.7±36.0 g/g (cv. "Šampion"). The highest concentration of (−)-epicatechin was identified in the apple fruits of the cv. "Šampion. " It was by 2.9-fold greater than its lowest concentration in the apple fruits of the cv. "Ligol. " The concentration of (+)-catechin in the apples of the cv. "Auksis" was by 3-fold greater than its lowest concentration in the apples of the cv. "Ligol. " Literature reports that apples contain considerably greater amounts of (−)-epicatechin than (+)-catechin [23, 40] , and this is in agreement with the results of our study. The ratio of (+)-catechin to (−)-epicatechin in the ethanol extracts of different cultivar apple samples varied in the range from 1 : 2.0 (cv. "Auksis") to 1 : 5.3 (cv. "Šampion").
Duda-Chodak et al. analyzed the lyophilized apple extracts of the cv. "Šampion" by HPLC. The results of their study showed that the analyzed extracts contained lower amounts of monomeric flavan-3-ols: on the average, 221.7 g/g of (−)-epicatechin and 12.2 g/g of (+)-catechin [41] . Different apple cultivation and fertilization approaches could contribute to the differences in their quantitative composition; the impact of meteorological and geographical factors cannot be excluded either.
The compounds of the procyanidin (oligomeric flavan-3-ol) class have been identified in the plants of the family Rosaceae [42] and in various apple cultivars [24, 40] . Procyanidins isolated from apples have an antineoplastic effect [43] , a strong antioxidant effect [44] , an anti-inflammatory effect [45] , a cholesterol-and triglyceride-lowering effect [37] , and a positive effect on the cardiovascular system [46, 47] , and therefore they are among the most promising phenolic compounds in apples. In the present study, procyanidins B1 and B2 were identified and quantified in the ethanol extracts of apple fruit samples. Table 3 shows their quantitative content.
The amount of the identified procyanidins varied from 360.5 ± 12.6 g/g (cv. "Ligol") to 1014.4 ± 43.9 g/g (cv. "Šampion"). The data in Table 3 show that procyanidin B2 was the major compound in the ethanol extracts of cv. "Šampion" apples, and its concentration was by 2.9 times greater than the lowest concentration of procyanidin B2 found in the ethanol extracts of cv. "Ligol" apple samples. Contrary to other 3 cultivars, procyanidin B2 rather than chlorogenic acid was a dominant compound in the ethanol extracts of cv. "Šampion" apples.
Ethanol extracts of lyophilized apple samples of all the analyzed cultivars contained higher concentrations of procyanidin B2 than those of procyanidin B1 (Table 3) . Similar quantitative characteristics of these compounds in the extracts of apple samples have also been found by other researchers [26, 41, 48] . The ratio of procyanidin B1 to procyanidin B2 in the ethanol extracts of different cultivar apple samples varied in the range from 1 : 4.2 (cv. "Auksis") to 1 : 11.2 (cv. "Šampion"). These data confirm the importance of the cultivar as a factor for the quantitative composition of apples.
In the investigated ethanol extracts of apple samples, quercetin glycosides were the most abundant group of phenolic compounds. Quercetin glycosides together with compounds of the flavan-3-ol group are most responsible for the antioxidant effect of the complex of phenolic compounds in apples [44] . The consumption of products rich in quercetin glycosides reduces the risk of cancer and neurodegenerative diseases [49, 50] . Quercetin glycosides inhibit the angiotensin-converting enzyme and therefore have an antihypertensive effect [46] .
The following quercetin derivatives were identified and determined quantitatively: rutin, hyperoside, isoquercitrin, avicularin, and quercitrin. The total content of these quercetin glycosides varied from 168.5 ± 5.0 g/g (cv. "Auksis") to 532.3 ± 19.3 g/g (cv. "Aldas").
The triplet of quercetin glycosides, namely, rutin, hyperoside, and isoquercitrin, where hyperoside was a predominant component and the concentration of rutin was the lowest, was found to be characteristic of all apple cultivars analyzed in our study. This is in line with the results of other studies [17, 20, 51] and therefore suggests that the rutin-hyperosideisoquercitrin triplet (where hyperoside predominates and the concentration of rutin is relatively low)-along with the compounds of the dihydrochalcone class-could be considered as one of the characteristic features of the phytochemical composition of apples allowing for the identification of apple products.
The rutin-hyperoside-isoquercitrin ratio varied depending on the apple cultivar. It was 1 : 11.6 : 2.5 in the ethanol extracts of cv. "Aldas" apples; 1 : 4.2 : 2.1-in cv. "Auksis" apples; 1 : 4.6 : 1.7-in cv. "Ligol" apples; and 1 : 10.7 : 2.7-in cv. "Šampion" apples.
The data in Table 3 show that the apple samples of the cv. "Aldas" contained the highest levels of all the identified flavonols. The concentration of hyperoside in this cultivar was by 3.7-fold greater than that in the cv. "Auksis. " The concentration of isoquercitrin in the apples of the cv. "Aldas" was by 1.6-fold greater than that in the apples of the cv. "Ligol. " The concentration of avicularin in the apples of the cv. "Aldas" was by a 3.7-fold higher, compared to the lowest concentration of avicularin found in the apples of the cv. "Ligol. " The concentration of quercitrin found in the apples of the cv. "Aldas" was by 2.9 times higher than the lowest concentration of quercitrin in the apples of the cv. "Auksis" (Table 3 ). In the apples of the cv. "Šampion, " hyperoside was the major compound of all quercetin derivatives identified, and this is in line with the results of other studies [41, 48] . Rutin was a minor component among all the identified quercetin derivatives, and these results are consistent with those reported by other authors [20, 23] . The highest concentration of rutin (16.4 ± 0.7 g/g) was detected in ethanol extracts of the cv. "Aldas" apple samples. This concentration was by 1.3 times greater than the lowest concentration of rutin detected in the ethanol extracts of cv. "Auksis" apple samples.
Qualitative and quantitative analysis of the compounds of the dihydrochalcone class is of great importance as these compounds can be regarded as chemotaxonomic markers for the identification of apple cultivars as well as products made from apples [17, 52, 53] . Phloridzin exhibits antidiabetic activity [54, 55] , and therefore apples as plant raw materials accumulating this compound can be potentially useful for the prevention of diabetes mellitus [9] . The highest concentration of dihydrochalcone phloridzin was in the cv. "Aldas" (142.4 ± 6.3 g/g), and it was by 2.3 times higher than the lowest concentration of phloridzin detected in the cv. "Šampion" (63.8 ± 2.7 g/g).
Our analysis showed a wide variation in the phenolic content of different apple cultivars grown in Lithuania. The total content of phenolic compounds identified in the ethanol extracts of lyophilized apple samples ranged from 1641.0 ± 47.9 g/g (cv. "Ligol") to 4291.3±154.2 g/g (cv. "Aldas"). The cultivar itself as a factor has an impact on the parameters of qualitative and quantitative content of the apples [20] , and depending on the apple cultivar, these parameters can vary considerably [26] . Other factors that may affect the qualitative and quantitative content of apples include the geochemical composition of the soil, the geographic region [41, [56] [57] [58] , and the climatic-meteorological [59] and cultivation or storage conditions [60, 61] . Some authors found increased levels of phenolic compounds in apple peel due to sunlight exposure [62, 63] . Orchard fertigation and foliar fertilization lead to increased phenol contents [64] . However, these factors were not considered in this study, and we are planning to include them in our future studies.
Conclusions
The HPLC-based analytical procedure for the determination of phenolic compounds in the apple samples from 4 popular cultivars was optimized and validated. The specificity, precision, and assaying range confirm the suitability of this method.
The examination of the apple samples revealed the distribution of 11 different groups of phenolic compounds important for human health. Chlorogenic acid was the major component in cultivars "Aldas, " "Auksis, " and "Ligol" and procyanidin B2 in cv. "Šampion. " Hyperoside and avicularin were the dominant compounds among all the identified quercetin derivatives in the apples of the cultivars "Aldas" and "Auksis;" hyperoside in the cv. "Šampion;" and quercitrin in the cv. "Ligol. "
